The present study evaluated the genotoxic effects of the atmospheric air on Tradescantia pallida var. purpurea in urban areas with different intensities of vehicular traffic and in riparian forest fragments in the Sinos River Basin (Rio Grande do Sul, Brazil), considering the influence of climatic conditions prevailing in these environments. Bimonthly, from May 2012 to March 2013, cuttings with flower buds were exposed for 8 h in urban and riparian forest environments in the municipalities of Caraá, Taquara and Campo Bom in the upper, middle and lower sections, respectively, of the Sinos River Basin. Simultaneously, negative controls were made and climatic data were recorded. Micronuclei (MCN) frequencies were determined in young tetrads of pollen mother cells and expressed as MCN/100 tetrads. Significantly higher MCN frequencies were observed in buds exposed in urban and riparian forest environments in Taquara (up to 7.23 and 4.80, respectively) and Campo Bom (up to 4.90 and 4.23, respectively) than in buds exposed in Caraá (up to 2.90 and 2.50, respectively), in the majority of samplings, and in relation to the negative control (up to 1.93) in all months. Over the course of the period monitored, there were significant variations in MCN frequencies at all sampling points, with the exception of the urban environment in Caraá. For the urban environments, relation between the MCN frequency, vehicular traffic and mean temperature was observed. For the riparian forest fragments, there was no association between MCN frequency and climatic factors. Tradescantia pallida var. purpurea can be considered a useful tool to point out areas with increased atmospheric pollution, since the exposure of plants under severe climatic conditions is avoided to minimize their negative influence on the formation of micronuclei.
Introduction
High demographic densities, industrialization and intense vehicle traffic are the primary causes of degradation of air quality. Atmospheric air pollution is primarily the result of emissions of gases and particulate material, causing negative effects on living organisms and the environment (Savóia et al., 2009; Teixeira et al., 2012) . Among air pollutants, mobile sources comprising motorized vehicle traffic, and stationary sources which include industries, are noteworthy. The major atmospheric toxic substances released by mobile and stationary sources are carbon dioxide, carbon monoxide, sulfur oxides, nitrogen oxides, ozone, particulate material, volatile organic compounds, and polycyclic aromatic hydrocarbons (Rocha et al., 2004; Teixeira et al., 2012) .
The association of atmospheric pollutants and climatic conditions may cause significant effects on the ecosystem, due to various synergistic or antagonistic interactions (Bytnerowicz et al., 2007) . Further, atmospheric emissions remain not restricted to this compartment because of pollutant volatilization, dispersal and deposition mechanisms (Jahnke et al., 2007; Merlo et al., 2011) . Despite this, the majority of risk assessment studies of atmospheric pollutants are based on concentrations detected by chemical analyses for simple substances and the synergic and genotoxic effects of complex mixtures of these compounds are still poorly known (Savóia et al., 2009; Merlo et al., 2011) . Over recent years, studies have begun to integrate biological indicators with physical and chemical parameters, with the goal of identifying genetic changes that may occur in organisms as a result of the environmental conditions in which they live or after exposure as active indicators in environments that are supposedly polluted (Meireles et al., 2009; Savóia et al., 2009; Carreras et al., 2013; Pereira et al., 2013) .
Tradescantia pallida (Rose) D.R. Hunt. var. purpurea Boom presents high sensitivity to genotoxic agents and has been used in biomonitoring of atmospheric air quality in urban environments with different intensities of vehicular traffic, in industrial areas, and in rural environments with preserved vegetation (Meireles et al., 2009; Costa and Droste, 2012; Pereira et al., 2013) . The influence of the combination of climatic factors with atmospheric pollutants on the response of T. pallida var. purpurea has been investigated, warning of the possible interference of certain weather conditions in micronuclei formation (Meireles et al., 2009; Savóia et al., 2009; Pereira et al., 2013) .
The Sinos River Basin, in the State of Rio Grande do Sul, Brazil, has undergone a high degree of ecosystem degradation (FEPAM, 2013) since 94.02% of the inhabitants live in urban areas (IBGE, 2013) . Increasing urbanization and industrialization especially of municipalities that are part of the Porto Alegre metropolitan area has caused degradation and fragmentation of forests, to the extent that only a forestry mosaic interspersed with urban areas remains (Teixeira et al., 1986; Figueiredo et al., 2010) . Therefore, the forest remnants that are left in the basin are vulnerable to atmospheric pollutants mainly released by industry and intense vehicle traffic (Costa and Droste, 2012) .
The present study evaluated the genotoxic effects of the atmospheric air on Tradescantia pallida var. purpurea in urban areas with different degrees of vehicular traffic and in riparian forest fragments in the Sinos River Basin, considering the influence of climatic conditions prevailing in these environments.
Material and Methods

Study area
The Sinos River Basin is located in the East of the State of Rio Grande do Sul, Brazil (Figure 1) , between coordinates 29º 20' to 30º 10' S and 50º 15' to 51º 20' W, occupying an area of 3,800 km 2 (COMITESINOS, 2013) . The basin comprises 32 municipalities, with a population of around 300 inhabitants/km 2 (IBGE, 2013) . The Sinos River is the main watercourse in the basin. It has a length of 190 km, supplying water to a population of approximately 1.5 million people, and is divided into thirds for the purposes of hydrological classification (FEPAM, 2013) . The Sinos River Basin region has a Cfa climate, according to the Köppen classification, since it is subtropical (C), humid all year round (f) and the mean temperature of the hottest month is higher than 22 °C (a). Rainfall is regularly distributed throughout the year (Moreno, 1961; Buriol et al., 2007) . The basin's vegetative cover comprises remnants of dense and mixed ombrophylous forest specifically located around the springs of the Sinos River (Backes, 2012; Becker et al., 2013) , and seasonal semideciduous forest fragments, mostly located along the margins of the river and its tributaries (Teixeira et al., 1986; Schmitt and Goetz, 2010) , belonging to the Atlantic Forest biome.
Sampling points
The study was conducted in urban environments and in riparian forest fragments in Caraá, Taquara and Campo Bom, which are municipalities located in the upper, middle and lower sections of the basin, respectively (Figure 1 (IBGE, 2013) . The municipality's economy is predominantly agricultural, producing primary cultures of sugar cane, maize, beans and rice, plus market gardening and poultry farming (FEE, 2013) . The fleet in Caraá totals 2,262 vehicles (IBGE, 2013) , and vehicle traffic on the state RS 030 and federal BR 290 highways passes at a distance of 10 and 12.5 km, respectively, from the urban sampling point in the municipality. The riparian forest of Caraá comprises an environmental protection area (Backes, 2012) . The municipalities of Taquara and Campo Bom are both within the metropolitan area of Porto Alegre (PROSINOS, 2013) , which is the capital city of Rio Grande do Sul. The population of Taquara is 56,896 inhabitants, distributed across an area of 457,855 km 2 , with a demographic density of 119.35 inhabitants/km 2 , primarily living in the urban area (IBGE, 2013) . The municipality's economy is based on footwear manufacturers, metalworking plants and small-scale livestock and agricultural farming (FEE, 2013) .
Taquara has a fleet of 28,469 vehicles (IBGE, 2013) , and intense vehicle traffic on state highways RS 020, RS 115 and RS 239 passes through the urban perimeter at distances of approximately 0.7, 1.16 and 1.06 km respectively from (IBGE, 2013) . The leather, footwear and metalworking industries are the mainstay of the municipality's economy (FEE, 2013) . Campo Bom has a fleet of 34,493 vehicles (IBGE, 2013) , and intense vehicle traffic on state highway RS 239 and federal highway BR 116 passes 3.38 and 8.72 km respectively from the urban sampling point.
Vehicular traffic and climatic data recording
Bimonthly, from May 2012 to March 2013, at each day and sampling point of Tradescantia pallida var. purpurea exposure in the urban environments, the number of vehicles in circulation was counted for one hour. There is no vehicular traffic along the riparian forest fragments. Simultaneously, microclimatic data were recorded for each sampling point of the urban environments and the forest fragments, including temperature and relative air humidity at three times of day (9:00 am, 1:00 pm and 5:00 pm) using a thermohygroanemometer (Instrutherm  , Thal-300). Data on accumulated rainfall on the day of exposure plus three days preceding the day of exposure were obtained using a mobile meteorological station (Davis  ) for Caraá, from the civil defense agency (Rio Grande do Sul, 2013) for Taquara, and from the Meteorological Station no. 83961(29º 41' S; 51º 03' W) for Campo Bom.
Tradescantia pallida var. purpurea bioassay
Tradescantia pallida var. purpurea plants were grown in pots (37 cm × 20 cm × 20 cm) containing 4 kg of commercial soil from the same batch, at the university campus following the method described by Thewes et al. (2011) . The plants were watered three times a week and fertilized with 100 mL of an N-P-K solution (10-10-10 w/w/w) once a month. All of the plants were derived from vegetative propagation.
Air genotoxicity tests were conducted bimonthly, as follows: 20 cuttings (10 to 15 cm long) with flower buds were collected from the plants cultivated at the campus and partially immersed in vessels containing 2 L of distilled water (Cassanego et al., 2014 ) and left for 24 h to adapt in a climate-controlled room. The vessels containing the adapted cuttings were then transported in cool boxes to the sampling points, where they were exposed for 8 h (9:00 am to 5:00 pm) in urban environment and riparian forest fragment in each municipality. The cuttings were then recovered for 24 h in distilled water (Cassanego et al., 2014) in a climate-controlled room. Negative controls were set up simultaneously in a climate-controlled room, following the same methodology.
Inflorescence fixation, slide preparation and micronuclei score
The flower buds were fixed in ethanol:acetic acid (3:1 v:v) for 24 h and then stored in 70% ethanol under refrigeration (4 °C). Slide preparation and analysis of cells and micronuclei (MCN) were as follows: flower buds were dissected and the anthers were squashed in 1% acetocarmine stain. Three hundred cells at the tetrad phase were counted per slide and the number of micronuclei was recorded, for a total of 10 slides per point per sampling period, using an optical microscope at 400x magnification (Olympus CX4). Micronuclei frequencies were expressed as MCN/100 tetrads (Thewes et al., 2011 ).
Statistical analyses
The MCN frequencies obtained in the bioassays were subjected to the Shapiro-Wilk test of normality. Analysis of variance (ANOVA) was then conducted and differences between means were subjected to the Tukey test. Mean MCN frequencies were compared for the urban environment and the riparian forest in each municipality and period using Student's t test. A multiple linear regression analysis was performed to test for relation between MCN frequency, vehicular traffic and climatic variables (mean temperature, mean relative air humidity, and accumulated rainfall) in the urban environment (tree sampling points; six exposures: n=18). Data were analyzed through the stepwise method and the regression curve was adjusted so that only the factors that significantly contributed to the MCN variances were maintained in the model. The Pearson correlation coefficient was used to analyze the association of MCN frequency in the riparian forest and climatic variables (tree sampling points; six exposures: n=18). All statistical analyses were conducted using SPSS version 20, and the significance level was set on 5%.
Results
Comparison between data for urban environments and negative controls showed that all samples of flower buds exposed to the air in Taquara and Campo Bom and samples exposed in Caraá during May 2012 and January and March 2013 had significantly higher MCN frequencies than were observed in controls. Buds exposed in Taquara had significantly higher MCN frequencies than were observed in Campo Bom in November 2012 and January and March 2013. On the other hand, in July of 2012, the frequency recorded for Taquara was significantly lower than observed for Campo Bom, and no statistical differences between the MCN frequencies recorded for Taquara and Campo Bom were observed in May and September 2012. The MCN frequencies recorded for Caraá were significantly lower than observed for Taquara and Campo Bom, with the exception of July 2012, when they did not differ statistically from those in Taquara, and January and March of 2013 with relation to Campo Bom. Over the course of the months sampled, there was significant variation in MCN frequencies observed in flower buds exposed at sampling points in Taquara and Campo Bom and in negative controls (Table 2) .
For riparian forest fragments and negative controls, the comparison showed that all samples of buds exposed in Taquara exhibited significantly higher MCN frequencies than were observed for Caraá and in controls. Buds exposed to the air in Campo Bom also exhibited frequencies significantly higher than were observed for Caraá (with the exception of July 2012 and March 2013) and in negative controls for the whole period. In Taquara, MCN frequencies were significantly higher than observed for Campo Bom, in January and March 2013. Over the course of the months sampled, there was a significant variation in the MCN frequencies observed in flower buds exposed in sampling points and in negative controls (Table 2) .
When the two types of environment in each municipality were compared, flower buds exposed in the urban environment in Caraá exhibited significantly higher MCN frequencies in relation to buds exposed in the riparian forest for May (t=-2.623; p=0.017) and September 2012 (t=-2.690; p=0.015) and for January 2013 (t=-2.481; p=0.023). In Taquara, the MCN frequencies observed in buds exposed in the urban environment were statistically higher than for riparian forest samples from November 2012 (t=-3.523; p=0.002) and January 2013 (t=-2.427; p=0.026). In Campo Bom, the MCN frequencies observed in samples from the urban environment were also significantly higher than for riparian forest samples from May (t=-2.332; p=0.032) and July 2012 (t=-3.805; p=0.001) ( Table 2 ).
The number of vehicles/hour in movement in the urban sampling points at the days of exposure of Tradescantia pallida var. purpurea varied from 225 to 308 in Caraá, from 720 to 1438 in Taquara and from 505 to 900 in Campo Bom (Figure 2 ). The climatic data recorded at the same points and days were typically of Cfa climate that is characteristic for the Sinos River Basin (Table 3) .
For urban environments, multiple linear regression indicated a relation between MCN frequency, vehicular traffic and mean temperature. The analysis model showed that the movement of vehicles was responsible for 93.8% of the coefficient of determination (r 2 ) (F=256.374, p<0.001) while the mean temperature added 2.7% to this coefficient (r 2 =0,965; F=232.507, p<0.001). Therefore, the MCN frequency was predicted by the linear combination of these two variables, with the equation: MCN=0.489+0.003vehicular traffic+0.044mean temperature. For riparian forest fragments, there was no association between MCN frequency, mean temperature (r=0.438; p=0.690), mean humidity (r=-0.372; p=0.129) and accumulated rainfall (r=0.174; p=0.490). 
Discussion
The Tradescantia pallida var. purpurea bioassay evidenced the genotoxic response of the plants to atmospheric air conditions in urban environments and in riparian forest fragments in the Sinos River Basin, since the flower buds exposed at the sampling points exhibited significant increase in MCN frequencies, compared with the negative controls. Frequencies obtained for negative controls remained below the background rate of up to 2.0 MCN/100 tetrads considered by Pereira et al. (2013) as the result of spontaneous mutations that can occur naturally in the species, even when plants are grown in environments free from interference of any type of pollutant. In order to minimize any environmental interference before exposure, it is important that plants be allowed to adapt in controlled conditions (Ma et al., 1994; Klumpp et al., 2004) . This procedure was employed in this study, following Cassanego et al. (2014) .
For urban environments, a relation between MCN frequencies, vehicular traffic and mean temperature was observed. The number of vehicles circulating at the sampling points in Taquara and Campo Bom, which was respectively 3.4 and 2.7 times higher than recorded for Caraá, was the main factor influencing the MCN frequencies in these municipalities. In Caraá, in general, the lower number of vehicles at the urban point was accompanied by lower MCN frequencies. These differences between Caraá and both Taquara and Campo Bom could be associated, at least partially, to a variety of potentially genotoxic substances present in the atmospheric air. While Caraá has a low demographic density, with an almost entirely rural population (IBGE, 2013) and lower anthropic impact, Taquara and Campo Bom are within the Porto Alegre metropolitan area, which is characterized by significant emission of atmospheric pollutants, from vehicle traffic and stationary sources such as steelworks, oil refineries and industrial complexes (Teixeira et al., 2008 . The state highway RS 239 that passes through urban perimeters of Taquara and Campo Bom is characterized by intense vehicle traffic (≈ 626,000 vehicles/month) (EGR, 2013). Moreover, in .
To a lesser extent, the temperature also influenced MCN frequencies in urban environments, showing that extreme conditions of this climatic factor may induce spontaneous mutation rates. In most months, the temperature remained within the historical range of mean temperatures recorded for the region of the Sinos River Basin (Moreno, 1961; Buriol et al., 2007) . However, in November 2012, the high temperature recorded in the urban environment of Taquara (mean of 34.3 °C) may have contributed to the increased MCN frequency. Temperature from 33 °C on under controlled conditions was reported as increasing spontaneous mutation rate of Tradescantia clone 4430 by Klumpp et al. (2004) . Air pollutants and stressful climatic conditions caused effects on the response of Tradescantia pallida var. purpurea plants exposed in urban areas of the municipality of Santo André (São Paulo, Brazil), since the combination of temperature, relative humidity and pollutants predicted 17 and 26% of the MCN frequency in two exposure sites around downtown (Savóia et al., 2009 ). Pereira et al. (2013) showed that 88.01% of the MCN frequency was predicted by the combination of the number of vehicles and the relative humidity in the municipality of Uberlândia (Minas Gerais, Brazil), with the first variable contributing 83.92%. It is noteworthy that the climate in Rio Grande do Sul is humid all year long (Buriol et al., 2007) , differently from the southeast region of Brazil where the other studies were conducted. This may be related to the fact that there was no relation between the MCN frequency and humidity.
The MCN frequencies observed in Tradescantia pallida var. purpurea plants exposed in urban environments corroborate data reported by Costa and Droste (2012) , who observed MCN frequencies from 3.26 to 8.13 in Estância Velha, a municipality with leader and footwear industrial activity in the lower section of the Sinos River Basin. Savóia et al. (2009) (Carreras et al., 2013) .
For riparian forest fragments, no significant relation between Tradescantia pallida var. purpurea MCN frequencies, temperature, relative humidity and precipitation was observed. Similarly, no influence of climatic conditions on the genotoxic response of T. pallida var. purpurea plants exposed in a natural park located far from the urban area of Santo André was reported by Savóia et al. (2009) . The findings evidence that climatic conditions probably will not interfere in MCN frequencies in forest fragments as they are less extreme than in urban areas.
The low frequencies observed in plants exposed to the riparian forest fragment in Caraá, comparable to those of the negative controls, indicated less influence from genotoxic factors. This riparian fragment constitutes an environmental protection area still slightly impacted (Becker et al., 2013) contributing to a better quality of the air. On the other hand, the significant MCN frequencies recorded for Taquara and Campo Bom may be the result of the high degree to which the vegetation that borders the Sinos River has been degraded, particularly in the middle and lower sections of the river's basin (PROSINOS, 2013) . Additionally, the differences between MCN frequencies may be related to the distance between the riparian forest fragments and the respective urban environments. In Caraá, this distance is four times greater than in both municipalities of Taquara and Campo Bom, diminishing the influence of the urban atmospheric emissions on this forest fragment.
This study focused on the influence of the atmospheric conditions on Tradescantia pallida var. purpurea, taking into account the synergic effect of pollutants and climatic variables. The bioindicator employed exhibited significant responses that allow for inferences about the genotoxic risks to which the organisms have been exposed in the Sinos River Basin. Considering the results and the environmental conditions prevailing in the basin, the increase of genetic damage in plants exposed to the air in urban environments, especially in the middle and lower sections of the basin, may be related mainly to the emission of atmospheric pollutants by vehicular traffic. The low MCN frequencies recorded in flower buds exposed to the air in the riparian forest fragment of Caraá indicate that this environment may still be referred to as a reference site. Tradescantia pallida var. purpurea can be considered a useful tool to point out areas with increased atmospheric pollution, since the exposure of plants under severe climatic conditions is avoided to minimize their negative influence on the formation of micronuclei.
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